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Introduction
The information-based approach to optimal taxation builds on the idea that the income-earning ability of households is unobservable, and the government must base its tax policy on observable variables, such as income. The classic paper in this field is, of course, Mirrlees (1971) , which characterises optimal (labour) income taxation under asymmetric information.
What is the role of other potential tax policy instruments when non-linear income taxation is used? The central result is due to Atkinson and Stiglitz (1976) , who show that when consumer preferences are separable between consumption and leisure, there is no need for differentiated commodity taxation. Either commodity taxes are not needed at all or then they should be uniform. When preferences are separable, there is no difference between commodity demand between people with skill differences but who are at the same income level, and that is why commodity taxation cannot achieve anything that could not be achieved by income tax alone.
The same logic also applies to public good provision. The first-best Samuelson rule remains valid in the second-best case with separable preferences (Boadway and Keen 1993) . And similarly, there is no need for the public provision of private goods if the separability assumption holds.
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If the separability condition does not hold, there is a potentially useful role for these other instruments to complement the income tax in the government s redistributive programme. In these circumstances, goods that are complements to (substitutes for) labour supply (leisure) should be subsidised (taxed) (Edwards, Keen and Tuomala 1994) . In addition, the government can benefit if it provides private goods (or over-provides public goods) that are used in conjunction with labour supply. The intuition is that lowering the effective price of these goods renders labour supply more attractive and thus the distortions of the income tax can be alleviated. The prime candidate of a good that should be subsidised or provided for free is child care: affordable child care enables both parents to participate in the labour market.
Another reason to deviate from uniform commodity taxation arises from taste differences. Even if preferences are separable, but consumption preferences depend on ability, persons with the same income level but having different innate abilities have different consumption baskets. Then differentiated commodity taxation is an indirect way to tax ability (Saez 2002) .
Despite the large amount of theoretical modelling in the area, there has been surprisingly little empirical work on characterising the relationship between commodity use and labour supply.
For a long time, the only reference was Browning and Meghir (1991) , who use UK consumption data to test the separability of consumer demand from labour supply. They first estimate a demand system, conditional on labour force participation and hours of work, and then test whether labour supply is a significant determinant of commodity demand. The issue has been revisited in a Mirrlees Review Chapter on indirect taxation by Crawford, Keen and Smith (2008) . They also estimate a conditional demand system, allowing for quadratic Engel curves.
Both these studies firmly reject the hypothesis of separability between consumption and labour supply. However, Crawford et al. come to the conclusion that the economic magnitude of the likely gain from having non-uniform commodity taxation appears small. Taking into account the administrative burden associated with having a highly detailed commodity tax structure, Crawford et al. end up recommending a uniform VAT rate for the UK. Gordon and Kopczuk (2008) present an alternative approach for determining which goods should be part of the optimal tax base. They start from the notion that, with people at the same income level, there is still quite a lot of variation in the hourly wage rates these people have. Using US data, they then set out to explain which additional information in the tax files helps to explain the residual variation in hourly wages, controlling for income. When income is controlled for in a flexible, semi-parametric, way they find that people with higher wage rates (which implies that their hours of work are smaller, given labour income) obtain more capital income and pay higher mortgage payments. Spousal income is also the higher, the higher the wage rate (assortative matching) is. These results thus suggest that capital income should be taxed and the current practice of favouring owner-occupied housing should be stopped.
In this paper, we use a similar approach to Gordon and Kopczuk s to shed light on how the use of different goods is associated with labour supply based on Finnish data. We enlarge their analysis by analysing the relationship between a whole set of the households commodity 3 demands and their labour supply. In addition, we also have detailed information on the use of public welfare services (education, health and social services) by these households. While the general guidelines of public provision are decided by the government, individuals themselves can decide the extent to which they use these services. One example is day care that can either be used (with a heavily subsidised fee) or not. Therefore the choices regarding the use of public services also reveal useful information on the individuals characteristics. In sum, we can offer a full analysis on the issue about whether specific commodities reveal useful information on the households income-earning abilities. These goods can be both privately and publicly provided.
The empirical studies mentioned above do not cover the effects of public provision on labour supply. Despite numerous theoretical papers on the subject, a similar separability analysis has not been carried out for the valuation of publicly provided private goods. There is, however, a strand of related literature with the aim of establishing causal relationships from public provision to labour supply. This work has been surveyed by Currie and Gahvari (2008) . They conclude that while, for example, child care appears to have some role in boosting female labour supply, the main reasons for public provision must be related to paternalistic concerns.
2 In addition to the literature mentioned there, Lundin, Mörk and Öckert (2008) examine whether reductions in child-care prices in Sweden increased female labour supply, and Kosonen (2009) uses the municipal level variation of Finnish home-care allowance of children to identify the effect of child-care prices on female labour supply. Finally, Bastani, Blomquist and Micheletto (2009) present a simulation exercise of the impact of public provision on social welfare in comparison to the system of redistributing using the income tax alone. Our paper differs from this work by embedding public provision to the same set-up as private commodity demand.
The structure of the paper is as follows. Section 2 introduces our empirical approach, while the data used is discussed in Section 3. The results are presented in Section 4. Section 5 discusses the robustness of the basic results. Section 6 concludes. 4
Our empirical approach
We explain the variation in hours of work controlling for total labour income and adding to the regression model items in the basket of consumption goods or government-provided welfare services, potential candidates for inclusion in the tax base, and test for their inclusion in the model of labour supply. In contrast, Gordon and Kopczuk (2008) set out to explain the variation in hourly wages, controlling for total income, with additional information from the tax files. The idea is that one would ideally like to tax the income-earning ability, and this sort of regression reveals which commodities are correlated to the ability at a given income level, and they should therefore be taxed.
In a simple framework, income is the product of working hours and the hourly wage. Then once income is controlled for, if the individual works few hours, he or she must have a high hourly wage rate. In this sense, the wage rate and the working hours are two sides of the same coin, and if a good x is positively correlated with ability, at a given income level, it is also negatively correlated with the hours of work. What changes is, of course, the interpretation: In the original Gordon-Kopczuk approach, the underlying reason is to tax ability, whereas in our framework, the idea is to support activities that boost labour supply. 3 However, the hourly wage rate is only observed for the working population, and the merit of placing the working hours to the left-hand side is that one can examine both the determinants of the extensive margin (the decision to choose to work) and the intensive margin (working hours for those who actually work). In the case of government-provided welfare services, the former margin of choice is expected to be the more relevant one. Nevertheless, for some robustness checks, we deduce the implicit wage rate from the data set and use it, too, as the dependent variable. 
(1)
Above, h i is the hours of work of individual/household i, z i is the individual s labour income, X i is a vector of other information about this individual, and 1i and 2i are the error terms.
Model (1) uses the local link between hours of work and labour income to test for significance in explaining the residual variation in hours of work left after accounting for labour income. In this respect the model can be considered as a statistical interpretation of the Atkinson-Stiglitz result and as answering the question about whether commodity taxation can achieve anything which could not be achieved using a non-linear income tax schedule. In the model, income and commodity demand are not treated symmetrically. An important feature of the Finnish tax system is the dual income tax structure, where labour income is taxed using a progressive schedule whereas capital income is subject to a flat rate. This means that in the Finnish system, labour income is the variable z, whereas all the other right-hand side variables that we examine are either taxed as flat capital income 5 or via linear commodity taxation. This means that the Finnish tax base is closely related to the structure in model (1). Gordon and Kopczuk (2008) estimate models of the form (2), the single-index model which treats all observables in a symmetric fashion. They are motivated thus because here the sum z i + X i´ 1 characterises the actual tax base in the US tax system, and indirectly also the individuals ability to pay taxes. Our version of model (2) (1). Nevertheless, we also estimate models of type (2) to check the robustness of our results. The concrete way to estimate the single-index model is presented in an appendix.
Both models are estimated by methods which are linear in h i . In the partially linear regression model (1) the potential candidates for inclusion in the labour supply equation enter the model linearly. In effect, our model (1) will test whether residual variation in hours of work, h i -g(z i ) is 6 independent of our other candidates in the tax base X i´ 2 . Taking conditional expectations of (1) conditional on z i , we get
Subtracting conditional expectations gives
Model (4) is used to test whether our candidates for the tax base can successfully explain residual variation in hours of work h i -E( h i | z i ). To estimate E( h i | z i ) and the vector E(X i | z i ) one could use kernel methods based on the distribution function, but we chose to estimate these functions by the locally linear weighted regression, lowess, introduced by Cleveland (1979) .
The locally weighted (linear) regression computes a locally linear fit g 0i -g 1i z i for each observation, say h i , by estimating the parameters 0i , 1i using weighted least squares and
The weights w(z k ) decrease as the distance of z k from z i increases,
where d i is the distance from z i to the r th nearest neighbour of z i . That is, d i is the r th smallest number among |z i -z j | for j = 1, , n. The weight function W is tricube , W(x) = (1 -|x| 3 ) 2 for |x| < 1, and W(x) = 0, otherwise, for details, see Cleveland (1979) . The ratio r/n characterizes the bandwidth of the smoothing window in terms of the empirical distribution function. The bandwidth is chosen by the cross-validation method. 6 In addition to the np package of Hayfield and Racine (2007), the plreg command of STATA is used (Lokshin 2006 ) for these estimations.
Our right-hand side variables are outcomes of a complicated optimising decision on the part of the households. Therefore our analysis is based on an ad hoc type of model with potential pitfalls. 7 In particular, the results may not necessarily hold out of the initial labour supply 7 equilibrium, which is conditional on the existing non-linear income tax schedule. As in many other similar exercises, the results may be expected to hold for local, marginal changes.
However, we suspect that the results of Browning and Meghir (1991) , who use UK consumption data to test for the separability of consumer demand from labour supply, may suffer from similar problems. 8 Changes in the tax schedule can be expected to affect labour supply equilibrium in a complicated non-linear way, leaving the analysis based on using educational levels as instruments for labour supply vulnerable.
Data
Our source of data is Statistics Finland's household budget survey in 2006 (Statistics Finland, 2008) . The survey produces data on the consumption expenditure of households, on housing conditions, the possession of durable goods, and income among households. The survey is a sample survey whose final sample size comprised 4,006 households. The data are collected by means of interviews, diaries and purchase receipts kept by households, and extensive use of administrative registers.
Consumption expenditure is classified according to the national COICO-HBS classification (around 900 headings) that has 12 main categories of consumption: food and non-alcoholic beverages; alcoholic beverages and tobacco; clothing and footwear; housing, water, electricity and other fuels; furnishings, household equipment and maintenance; education; health; transport; communication; recreation and culture; hotels and restaurants; and the final category, miscellaneous goods and services. Most expenditure data are collected during a two-week timeperiod with diaries and purchase receipts.
Tax and income data are recorded on a yearly basis mainly using records from administrative registers. Some data are collected through a comprehensive interview. The aim of this is to give supplementary information about the tax-exempt components of income and purchases of variables through, say, accounting identities (adding-up restrictions) in the data. Similarly, the measurement errors should be independent across these three sets of variables, and measurement errors should not affect the power of our tests under the null hypothesis. 8 Browning and Meghir (1991) and Crawford et al. (2008) use education as an instrument for labour supply when estimating a demand system conditional on labour supply. But as Browning and Meghir note, education is not necessarily a good instrument, as it may have a direct effect on tastes on commodity demand.
durables, as well as information relating to the composition and size of the households and demographic and socio-economic variables.
The 2006 data were the first survey in Finland to collect information both about the hours of work on the time period when the expenditure data are collected and about the use of welfare services provided by the government (education, health and social services). We measure hours of work using the mean joint hours of the couple; i.e. the reference person s hours plus the spouse s hours (if the spouse exists), divided by two. We want to capture the potential correlations of the right-hand side variables on both the extensive and intensive margin of labour supply and that is why zero hours are also included.
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Labour income is the sum of wage income and entrepreneurial income (classified as earned income). Capital income contains the households rental income, interest income, dividends and capital gains. Note that we do not include social security transfers in our notion of income. The reason is that we follow the optimal tax literature in viewing both taxes and transfers as a part of the redistributive system. Therefore, we analyse factor income instead of disposable income. All income and consumption expenditure are measured as thousands of euro for the regression analysis.
The provision of welfare services is financed by the government. The customer does not pay anything or pays only a small user fee that does not fully cover the costs of producing the services. The valuation of welfare services warrants some comments. It is beyond the scope of the present analysis to estimate the willingness to pay for these, and we use the production costs of the services instead. These are calculated by Statistics Finland on the basis of the mean realised production costs of these services at the municipality level. The key point to realise is that there is a considerable degree of freedom of choice in the use of the services in Finland. To exemplify this, households can choose to use government-provided day-care services (at a subsidised rate) or one of the parents can take care of the children at home (and then he or she is eligible for a home-care allowance if the youngest child is less than three years old). The labour-market consequences, and a couple s joint hours of work, of this choice are clearly very different. Since the level of welfare service use is not just a consequence of administrative decisions about their supply, it makes sense to examine how the use of welfare services is related to the labour supply behaviour at the individual level.
Results
We report results for three different equations. The first model (Table 2) presents results on the 12 main categories of private consumption. Second, some consumption categories are split into subgroups (for example, housing is divided into different types of housing expenses). These results are presented in Table 3 . Finally, Table 4 contains results of the use of public welfare services.
In all regression models, the dependent variable is the joint hours of a couple, as defined above.
All regression equations share a common set of control variables: dummy variables for the age group of the household s reference person, a dummy for having a spouse, and variables for the number of other adults in the households and the number of children (in different age categories).
In this section, we discuss those results that are based on the partially linear model, where only wage income enters the nonparametric part and all other variables are included in the model in a linear fashion. In these models, we use the locally linear estimator of Cleveland (1979) , lowess, for the nonparametric part. The bandwidth for the reported results is set to 0.45 (meaning that 45% of the observations are used at a time).
Figure 1 depicts a scatter plot between labour income and the joint working hours of the couple.
In addition, the graph includes the fitted lowess curve between these two variables. As expected, the relationship is positive (a higher wage rate is associated with higher income levels), but the relation appears to be non-linear. The important point is that on top of the positive relationship there is quite a lot of variation in the hours worked at a given income level, and therefore scope for the other variables to explain part of this residual variation. The results for the basic set of consumption categories are presented in Table 2 . The first thing to note is that in this regression, as in all the others, capital income is highly significant and it is negatively associated with hours of work. This is similar to the result obtained by Gordon and Kopczuk (2008) . Two plausible explanations are, first, an income effect, and second, that people with higher skill levels tend to save more and therefore also earn more capital income (see, for instance, the discussion of the evidence in Banks and Diamond 2008) . Capital income can therefore be seen as one variable that reveals important information about the skill levels, and since it enters with a negative sign, it should be taxed at the margin.
Almost all of the other consumption categories are insignificant; the exception is housing expenses, which are negatively related to hours of work. 11 Therefore, it appears that at this level of aggregation there is little need for differentiated commodity taxation of various consumption categories. Private education expenses are also negatively related to hours of work, presumably because in our static set-up the person cannot be working at the same time. A proper analysis of 12 the importance of these services for labour supply clearly requires a dynamic framework where access to education now could enhance income-earning abilities later.
Housing is currently favoured to a large extent by the tax system (mortgage payments are tax deductible and the income from owner-occupied housing is not taxed), which might have led to over-consumption of housing. This practice is clearly at odds with the observation that housing is actually negatively related to hours of work. The reason for the negative association can be that higher housing expenses reflect higher expected lifetime income for people with high skills but low current hours. The point estimate (-0.28) implies that if annual housing expenses increase by a thousand euros and if one controls for wage income, working hours are reduced by 2 per cent; this is a result with some policy importance, too. The results on publicly provided welfare services are presented in Table 4 . The most important result is that child-care use for children who are younger than three years is positively related to the hours of work, confirming the intuition behind various theoretical papers (e.g. Blomquist,
Christiansen and Micheletto (2009) Obs. 4003 Table 4 : Estimation results for the use of welfare services from a partially linear model. Dependent variable:
average working hours of a couple. The non-parametric variable is labour income. Other control variables used: age dummies of the reference person in the household, marital status, and the number of children in the household.
Lowess estimation method used for the nonparametric part with a bandwidth of 0.45. * denotes significance at the 5 per cent level and ** at the 1 per cent level.
Another potentially interesting public service is the care of the elderly, or social services more generally (such as household help for people in need). However, these are not positively related to the hours of work, perhaps because the overall use of these services is rare and they are also frequently allocated when needed and provided to persons outside the labour force. 13 The fact that health-care services have a negative relationship with labour supply is understandable in this static framework. A proper analysis clearly requires a dynamic framework, as noted above in the case of private education.
Robustness
Perhaps the most important item to check is whether our choice of using the hours of work at the left-hand side, as opposed to the wage rate (as in Gordon and Kopczuk 2008) , has important implications for the interpretation of the results. To check this, we deduced the hourly wage rate by dividing labour income by the joint hours and ran the same regressions with the wage rate as the dependent variable. The results on the basic set of commodity demand with this modification are reported as Model 2 in Table 5 . Since the number of observations decline (we cannot divide the income if the hours are zero) we also present there the results where the dependent variable is working hours when the hours are restricted to be strictly positive (Model 1). The results from Model 1 are otherwise roughly the same as those reported earlier in Table 2 , but the housing variables lose significance (so does the use of hotels and restaurants). Therefore it appears that housing is more related to the extensive margin of labour supply (from zero to positive hours) than the intensive margin (change in hours when the individuals are already working).
As expected, a comparison of Models 1 and 2 of Table 5 reveals that the significant variables change signs when the dependent variable changes from working hours to the wage rate. For instance, capital income is negatively related to the hours of work and positively related to the wage rate. Running public services regressions on the restricted sample (where the hours are bigger than zero) reveals that the child-care services also lose significance. These exercises suggest that once the hours are restricted to be strictly positive, the choice of the dependent variable does not appear to drive the result. A more important division is to whether or not zero hours in the hours regression (the extensive margin) are included. The results for commodity demand arising from the single index structure are depicted in Table   6 . Almost all those variables (except those for education expenses) that are significant in the partially linear model are also significant in the single-index model. In addition, some additional variables enter the model now in a statistically significant way. For the latter two models (comparable to those in Tables 3 and 4) , the computationally more burdensome asymptotic standard errors of the single-index model appear to be very large and the power of the test may suffer from the curse of dimensionality. The number of variables that this model can
simultaneously test for appears to be smaller than in the case of the partially linear model. This is another reason to rely more on the results based on it in our case with many potentially interesting right-hand side variables. We also conducted a host of other robustness checks. First, we have removed capital income from the linear part and then all the factor income is included in the nonparametric part. This change does not affect the qualitative results regarding the remaining significant variables.
While the bandwidth is chosen using the recommended cross-validation method, we have also examined results with a somewhat larger (0.75) and smaller (0.25) bandwidth for the partially linear model, and the results are robust to these changes. Measuring commodity demand as shares from overall consumption instead of actual euro values used does not affect the qualitative results either.
We have also looked at how the results differ by the type of family (singles, couples, couples with children, single parents). Much of the variation appears to originate from families with parents and children; their consumption pattern seems to vary more than that of the others. For couples without children, expenses on some sort of durables are negatively associated with labour supply. (Perhaps if these people put a lot of attention into decorating their homes, leisure becomes too attractive.) Capital income is negatively associated with labour supply for all household types except single parents (most of whom do not have much capital income at all).
Another interesting division is to divide the sample by the age of the reference person. To prevent too small a sample size, we use three different groups, younger than 30, 30-59, older than 59. In the youngest age group, capital income and housing are not significant, probably since these persons are at that phase of the life cycle where borrowing dominates. Regarding social services, the use of day-care services matters most for the middle age group.
14 Dividing the sample into quartiles based on labour income reveals interesting patterns with respect to the significant variables. First, the negative impact of capital income on working hours appears in the top quartile only. This reflects the fact that capital income is heavily concentrated at the top of the income distribution. Housing expenses are negatively associated with labour supply in the second and the third quartile, whereas it does not reduce working hours at the bottom of the distribution. In the case of social services, the labour supply of the middle income groups appears to benefit most from day-care services. Since the relation of capital income and housing to labour supply varies along the income schedule, linear taxes on capital income and housing are not necessarily the most effective instruments to enhance redistribution (Banks and Diamond 2008) .
Finally, if the whole model is estimated with OLS, without a flexible income control, many more of the right-hand side variables become significant. 15 This can be interpreted so that having a flexible way to address differences in income is crucial to having little need to differentiate commodity taxation by commodity type. Therefore, the presence of the non-linear income tax can be regarded, as optimal tax literature does regard it, as an important tool to make uniform commodity taxation desirable.
Conclusion
This paper examined to what extent commodity demand and the use of public welfare services are related to hours of work, once one keeps income fixed with flexible, nonparametric methods.
This can be seen as a test on to what extent these goods are separable from labour supply, i.e. it is one way to investigate the scope of the Atkinson and Stiglitz (1976) result. The data are household budget survey data from Finland, with enough information on the hours of work, commodity demand, and the value of the social welfare services used.
The results reveal that capital income and housing expenses are negatively related to hours of work, whereas the connection between the use of day care services and labour supply is positive in some specifications. These results suggest that capital income should be taxed at the margin, and the current practice of favouring owner-occupied housing (via mortgage payments deductions and exempting imputed income from owner-occupied housing) is unwarranted.
However, there might be other reasons (such as non-welfarist concerns) to subsidise rental housing. It is comforting that these results are in line with the findings based on a similar exercise on US data by Gordon and Kopczuk (2008) .
The current practice in, for example, many EU countries of having lowered VAT rates on some consumption items, such as food expenditure, does not seem to be desirable, based on our analysis. The distributional aims behind taxing food at a lower rate could be achieved with smaller efficiency costs via the income tax and transfer system. 16 The key to having little need for not addressing distributional concerns via indirect taxation is the opportunity to tax income in a non-linear way: with only a linear income control, many more of the commodity categories become significantly associated with working hours. On the other hand, in developing countries where the implementation of income taxation is more difficult, the need to address distributional concerns via commodity taxation is more pressing.
In further work, it would be very important to examine these issues using rich panel data. This would allow analysing the importance of, especially, the impact of many of the public services
Appendix: Estimation of the single-index model
In estimating model (2) we use weighted semi-parametric minimum least squares introduced by Ichimura (1993) . If the functional form for f were known, we could use the nonlinear least squares method to estimate 1 by minimizing (h i -f(z i + X i´ b 1 )) 2 w.r.t. b 1 .
In the case of unknown f, for a given value of we can estimate E (h i | z i + X i´b ) = E (f( z i + X i´b1 ) | f( z i + X i´ b) )
by the kernel method (the equality follows from E( 1i | z i , X i ) = 0 Þ E( 1i | z i + X i´b ) = 0). Under some regularity and smoothness assumptions Ichimura (1993) Above f i´ = f´( z i + X i´b ) and i 2 = E (h i -f(z i + X i´ b)) 2 | z i , X i ). In the formulae we use estimates of E(X i | z i + X i´ ) obtained using non-parametric regression estimators (np package in R), and replace i 2 by squared residuals (h i -f(z i + X i´ b)) 2 to get asymptotically consistent estimators for W. The determination of the asymptotic covariance-variances matrix W is critically dependent on the estimation of the conditional expectations, E(X i | z i + X i´ ) and the use of finite sample sums in lieu of the expectations, a procedure which may be subject to the curse of dimensionality.
